The present paper studies long-term changes in the hydrological regime of the medium (100-1,000 km 2 ) river of the Ordovician oil shale field of north-east Estonia. The changing regime in the heavily mined catchments is contrasted with a morphologically similar reference catchment (River Keila) where there has been no mining activity. The Gumbel Method and Rodionov Regime Shifts Algorithm (STARS) were used to study high-and low-water changes of the mining area. The study shows that mine water has no significant impact on the River Purtse annual run-off; however, it has influence on the low water period and minimum flow values, increasing the amount of run-off.
INTRODUCTION
The diverse effects of water discharges from abandoned mines have been widely documented in pollution, toxicological and epidemiological studies in recent decades (e.g. Tiwary ; Selberg et al. ) . Mining pollution has been found to be a major contributor to the dispersal of contaminant metals at local, regional (Mayes et al. ) and global scales (Nriagu & Pacyna ) , and management options for minimising such contaminant releases, particularly to the aquatic environment, have advanced greatly over the last 20 years (e.g. Younger et al. ; PIRAMID Consortium ).
There is some evidence of changing catchment hydrology in the restored coal mining districts of Appalachia (USA). Negley & Eshleman () pointed out a paired catchment study of water balances is employed to show changes in the hydrological behaviour of a surface mined (and subsequently reclaimed) catchment relative to an adjacent reference catchment. Furthermore, higher storm run-off coefficients, increased total storm run-off and increased short-term peak run-off rates were attributed to reduced infiltration capacity of the land due to soil compaction in land restoration efforts. Ferrari et al. () similarly highlighted the trend towards a flashy hydrograph more indicative of urban catchments than pre-mining conditions in other reclaimed coal mined catchments in Appalachia. Younger et al. () highlights the hydrological effects of one of the largest drainage levels in Europe, the Milwr Tunnel in northern Wales (mean flow rate of 1.270 m 3 /s).
This major level, which was commenced in 1897, led to the instantaneous dehydration of karst resurgences in the overlying aquifer which contributed to the diminution of stream baseflow (e.g. the River Alyn) and the dehydration of springs of regionally important cultural value.
In analogous settings, the effects of groundwater pumping operations at limestone extraction sites have also been
shown to lead to changes in downstream hydrology through winter flow augmentation (due to increased void de-watering efforts) and diminished summer flows due to the the maintenance of ecological flows can become an increasingly important concern ahead of water quality issues (e.g. Croton & Reed ).
One of the most serious problems identified is the constant changes in the groundwater regime and water chemistry within the north-east Estonia mining area which has been studied widely over the last 30 years (e.g. 
MATERIALS AND METHODS

Mining area
The Estonian oil shale deposit is located in the north-east Estonia region (Figure 1(b) ). The first oil shale opencast mine was opened in 1918 which was also situated on the River Purtse catchment area. Subsequent rapid development of the oil shale deposits of approximately 430 km 2 has seen 24 deep mines and opencasts operate in this area (Rätsep & Liblik ) . Currently, only two mines and three opencasts are operating in the whole mining area (Reinsalu ), with some residual activity in the River Purtse catchment area.
Rivers
The River Purtse and River Keila are located in the northern part of Estonia Figure 1 Table 1 ).
The catchment hydrology is also influenced by land drainage associated with predominantly arable agriculture and karstic features associated with the underlying Ordovician limestone deposits and aquifer complex. 
Data and methods
The present study run-off analysis is based on precipitation 
RESULTS AND DISCUSSION
The relationship between the natural catchment area, the With baseflow periods occurring in both summer (JuneAugust) and winter (December-February) in the temperature controlled plains snowmelt regime in north-east Estonia (Järvekülg ), it is helpful to assess the changes specific to summer and winter months that are likely to be of greater ecological significance. The summer baseflow data can be assessed using the Rodionov algorithm which identifies two distinct hydrological periods. Prior to the 1970s, when the mining activity was less active, the July minimum and annual minimum run-off was much lower than during the post 1970s intense mining development (Figure 3(a, b) ). It is also seen from Figure 3 (a, b) that the mine water discharge keeps run-off minima at higher rates in baseflow. At the same time, the River Keila situation showed no regime shift during high and low water periods.
Therefore, it can be concluded that the seasonal run-off regime shift is caused by mine water discharge.
In Figure 3 (c, d), the regime shift in annual precipitation data is clearly seen but the annual run-off remains the same.
However, as seen in Table 2 , the length of the flooding period (total number of 'rising limb' and 'falling limb' days) in the River Keila is 3 days shorter than that of the River Purtse. Furthermore, to study the River Purtse runoff rate in the whole high water period, the 'rising limb' is generally longer but the average run-off is lower (River Keila Q H ¼ 274%; River Purtse Q H ¼ 268%: see Table 2 ).
On the contrary, the River Purtse 'falling limb' period is shorter and generally higher (River Keila Q H ¼ 281%;
River Purtse Q H ¼ 253%: see Table 2 ). This can be an indicator that mine water discharge can affect the length and trend of the spring flooding season. Previous studies have also suggested that because of the additional mine water inflows to Estonian rivers in oil shale mining districts, catchments have attenuated peaks and peak flow usually occurs later than in natural conditions (Rätsep & Liblik ) .
Unfortunately, it is difficult to estimate the actual volume of the mine water influence to the run-off during the high water period, the mining area acts like karst which occurs in both observed catchments and the River Purtse also acts like a typical peatland area river during the high water period. 
